Moisture content in the sub grade will be affected by the external water level or rain after the moisture of sub grade reach to the equilibrium. According to the unsaturated flow, two-dimensional finite element method models of sub grade were established. Slope protection and blind drainage was used to study the influence to moisture of sub grade of backfill sand, the results indicate that the combination of slope protection and blind drainage was an optimal method, which can effectively reduce the moisture of sub grade.
INTRODUCTION
Road located at area with rainy and dry season, especially where the rainfall is abundant, is soaked in water seasonally. Properties of sub grade and pavement have been shown to deteriorate in the presence of increased moisture (Salour 2015) . Problems related to the water infiltration include: decrease in sub grade resilient modulus; irregular deformation, washing out effect, and even additional stress act on the pavement structure.
Underground water level is the line of zero water pressure. In saturated-unsaturated flow analysis, the capillary zone above the phreatic is unsaturated and water can flow within it (Fredlund et al. 2012 ). Currently, numerical simulation, electric simulated test method or two-dimensional simplified theory are utilized to forecast the location of underground water level (Wang et al. 2011 , Jie et al. 2012 ). To some extent, the height of phreatic surface represents the flux of water infiltrating into the sub grade.
Consequently, the control of underground water level is to reduce the volume of water flowing into the sub grade and thus minimize the impact of moisture.
Subsurface drainage can bring the underground water level down efficiently by draining the water infiltrating into sub grade quickly. The function of subsurface drainage system includes: (1) interception or cutoff of the seepage above an impervious boundary; (2) lowering the water table; and (3) collection of the flow from other drainage systems (Moulton 1980) . Blind drain, a kind of subsurface drainage, consists of a gravel-filled trench and a pipe at the bottom. Water near the trench will be intercepted and collected by the high-permeability filler and then be discharged by the pipe. The effect of subsurface drain is widely investigated by numerical method (Castanheira and Santos 2009 ).
This paper describes a research about the factors to underground water level within seasonal soaking sub grade. Three approaches including sand material, slope protection and blind drain with pipe were analyzed respectively. The study was based on numerical simulations using finite element method. Unsaturated flow theory was utilized to simulate the flow within sub grade accurately. The effects of infiltration control, such as the location of seepage line and water flux, were compared.
MODELLING SCHEME
Simulations were conducted to investigate measures controlling the underground water level in sand sub grade. High conductivity sand, slope protection as well as blind drain with pipe were studied. The modeled geometry was a half-section of sub grade consistent with the specifications for highway sub grade. The simulated varying pattern of water level beside the sub grade was the same for each simulation and was divided into four phases. The model is half-section, shown Fig.1 . The width of the sub grade section is 5m and the height is 2m. The gradient of slope BC was set as 1:1.75. Along the slope is the protection material. The blind trench is 50cm wide and consists of a pipe located at the bottom. The depth of incomplete blind drain is 2 meters of the bottom, and the bottom is the impermeable stratum. The pavement was set to prevent fine soil grain and surface water from entering into the sub grade. The blind drain were covered by the pervious geo textile which was marked by black bold line. The dashed line represents the initial water table which is 1 m below land surface (edge AB in Fig.1.) .
The model includes four materials: sand sub grade, slope protection material, gravel and impervious material. Hydraulic properties of these materials are summarized in Table 1 . Sand was simulated as a higher permeable sandy soil. Macadam, the backfill of the ditch, was given a high saturated hydraulic conductivity and proper unsaturated parameters to facilitate water removal. The classifications with respect to the permeability of rock-soil body are also shown in Table 1 . Slope protection material and impervious material of the trench were defined as the interface material whose permeability was so low that it can hardly permit water across them. In an unsaturated soil, the volume of water stored within the voids will vary with the matric suction which is defined as the difference between the air and water pressure. Similarly, the permeability coefficient is a function of suction. As a consequence, both a hydraulic conductivity function and a volumetric water content function will be required for subgrade soil and gravel. In this simulation, the volumetric water content function and conductivity function were estimated using V-G approach (Van Genuchten 1980) which is required user-specified curve-fitting parameters. The governing equation of water content is as follows:
Where the subscripts "s" and "r" indicate the saturated and residual values of water content, a, n and m are fitting parameters, and n=1/(1-m), Ψ is the negative pore-water pressure. The meaning of parameters of hydraulic conductivity is the same with equation (2) and K ୱୟ୲ is the saturated permeability coefficient. From the equation below, two functions of the unsaturated materials can be estimated once the curve fitting parameters and saturated conductivity are known.
Simulations of subgrade drainage focusing on unsaturated flow were conducted with a FEM that solves Richard's equation for fluid flow in two dimensions. Variation of water level beside the subgrade is set by applying total hydraulic head boundary conditions on ground AB and slope BC in Fig.1 . The total head boundary conditions, which is made up of pressure head and elevation, is defined in equation form as:
where: H = the total head (m) u = the pore water pressure (kPa) γ ୵ = the unit weight of water (kN/m3), and y = the elevation(m).
The total head varying with time is shown in Fig.2 . Water accumulated on land surface from 0 day and the total head was 2m at that time which is the elevation of the ground surface. Next, the total hydraulic head rapidly raised to 3m which means that the depth of water beside the subgrade was 1 meter. The height of water remained the same for 30 days and then dropped to the original level during 10 days. Then, another constant water level period lasted for 30 days was set. Different stages of the process are marked by phase 1, 2, 3 and 4 which is shown in Fig. 2 . However, in the dynamic variation process of the water level, the boundary condition function has an added criteria imposed on it that requires the boundary flux on the head nodes to be zero if the elevation at the node is more than the total head of the node.
Another boundary condition specified in the simulation is the pore-pressure of the pipe located at the bottom of the trench. The pressure head of the pipe was set to be 0 which permits water to exit the model when positive pressures are reached. However, the rate and amount of water flowing in the pipe are not limited, that is, the pipe can remove water from the adjacent soil as long as the soil remains under positive pressures. No flow will cross the rest of boundaries. 
The simulation scheme is summarized in Table 2 . Simulations were conducted identical to the baseline simulation except for the item marked by √ . The baseline simulation, whose subgrade is filled with sand, was conducted without slope protection or blind drain to provide general insight into variation of underground water level. Slope protection material and blind drain were added into the subgrade with sand in simulation 
Effect of Slope Protection
This part is based on the results of simulation #1 and#3. According to the results of the simulation #1, water could cross the slope and flow in it easily. In other words, the seepage fields of sand subgrade is more subject to water infiltration, so it was selected as the baseline simulation to provide a reference.
Seepage lines of subgrade with slope protection, represented by blue lines, are presented in Fig.4 . The adjacent dashed lines were taken from the baseline simulation at the same time with the blue lines. At the end of phase 1 (5 days), there was a significant gap between the blue one and dashed one near the slope. While, due to the hysteretic nature of the infiltration, the right ends were almost the same. The difference between two lines, further enlarging in full scale, was finally about 0.275m (the average value of left end and right end). Due to the slope protection, the water table in the subgrade was decreased by 35.3% at the end of phase 2. It was calculated roughly by dividing 0.275m by the average rising height of water table in baseline simulation at 35 days. Water infiltration was impeded but not fully. The function of slope protection in reducing the underground water level is analyzed with Fig. 5 which consists the seepage fields of simulation #1 and #3 at 15 days. The contours are about pore pressure which decreases from red district to blue district and the blue curve is seepage line. The black arrows is flow velocity vector whose length represents the magnitude of actual flow velocity and the arrowhead points the flow direction. In the baseline simulation, the vectors along the slope are vertical to it which indicates that there is flow across the boundary. Moreover, the amount and length of velocity vectors distributed on the slope are larger than the rest ones. Conversely in the right picture, it could be seen clearly by the vectors' direction that there is nearly no flow across the slope and most of water flows upwards from the bottom left of the model. It means that, under the hydraulic head difference between inside and outside, much of water infiltrated into the embankment through the bottom of it. The flux statistics can also explain the role of slope protection. At the end of phase 2, the accumulate water flux across BC, the edge representing the slope, was 0.000039 m3 while that of baseline simulation was1.704 m3.
The protection layer provides a barrier to straight flow across the slope and the effect of it in avoiding infiltration is beyond all doubt. However, the foundation becomes a main source of water flowing into embankment, which shows that there are still paths for infiltration. The single slope protection is definitely not enough.
Effect of Blind Drainage
This analysis is based on the consequences of simulation#1,#3 and #4.Slope protection and blind drainage with pipe were used together in simulation #4. The modle of simulation #4 with underground water levels (the blue lines) is given in Fig. 6 . The left picture represents the period of phase 1 and 2 when the infiltration lines are rising with time. The right one is during phase 3 and 4 when the water table inside sustainably declines. Underground water levels of simulation #1 and #3 at 35 days, when the water level outside started to descend and the water table within subgrade reached a climax, are also drawn as a comparison in Fig. 6 . All blue lines bent sharply and became discontinuous in the vicinity of the trench. This is attributed to the huge variation of hydraulic conductivity at the interface between soil and gravel backfill as well as the zero pore pressure boundary condition of the pipe. Water flow across the trench was collected and removed rapidly by the tube. Compared with the underground water levels of simulation #1 and #3 at 35 days, those of subgrade with blind drain droped largely, especially on the right of the trench. In the half-section model, the distance from slope to the right boundary, the center line of the complete subgrade, is the largest, which means that it is the least likely place to be wetted. As a consequence, the water table at the right boundary could reflect in what extent the whole subgrade is moistened. A line chart, given in Fig. 7 , shows the elevation of the intersection of the underground water level and the right boundary during the whole process. The water table of three simulations at the right end all increased at first and then decreased with time. The blue one as well as the red one became higher than the land surface at about 20 days and was over 2 meters eventually. However, the water table of the simulation #4 was kept much lower than the former two and was under the land surface all the time. With the combination usage of slope protection and blind drain, the peak value of water table at the right boundary was reduced by 42.8% compared with simulation #1 and that value of simulation #3 is only 10.1%. Moreover, an additional simulation shows that if the phase 2 of simulation #4 was extended to 200 days, the water table at the right boundary rose only 0.06m and stayed steady. The only function of slope protection in lowering the underground water level is to provide an impediment on the slope, as a consequece, the effect of it is moderate. With the combination of protecion measure and blind trench, a new function of drianage, is added into the subgrade, which means that even water flowing through the foundation could be drained quickly. As a consequence, the underground water level was controled under the landsurface.Compared with the subgrade with low-permeability backfill, the combination measure could remove excessive moisture quickly if the water table inside the subgrade is already high. What's more, the slope protection can serve as a layer resisting slope erosion while the clay-filled subgrade without any protection measures will be scoured largly and face a huge risk of slope failure. Definitely, the combination measure will play a more important role in ensuring the dry-wet condition within subgrade.
Conclusions
A FEM model was established to investigate the effects of permeability backfill, slope protection and blind drain in controlling the underground water level within subgrade which was subjected to external water level fluctuations.
Conclusions as follows:
（ 1）The combination of the slope protection and the blind drain with pipe was proved an optimal measure in controlling the underground water level. The peak value of water table at right boundary decreased by 42.8% and that value of subgrade using slope protection singly is 10.1%. 
）
Slope protection could serve as a good impediment to water infiltrating into slope directly. It is essential for the seasonal sand subgrade to prevent the scour effect. Nevertheless, it is not enough because water could infiltrate into the embankment through the foundation. （ 3）The greater drainage efficiency and the better impediment to water flow means that the whole subgrade structure will contain less water. As properties of subgrade will degrade in the existence of increased moisture, the control measure consists of water proof and drainage are crucial for sand subgrade.
